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Summary 


In  the  contract  period  covered  by  this  report  a  series 
of  photoehemically  stable  fluorescent  converter  solutions  has 
been  composed.  At  the  beginning  of  the  contract  period  some 
new  stable  u.v.  transmitting  solution  filters  were  developed 
and  with  these  the  photo-stability  of  the  converter  solutions 
could  be  studied  under  irradiation  with  high  intensity  u.v. 
light  only.  The  results  of  the  investigation  concerning  the 
u.v.  transmitting  filters  has  been  reported  earlier  and  is 
now  available  in  print^. 

Applying  the  converter  solutions  in  combination  with 

largo  energy  linear  flash  lamps  the  relative  increase  R^  of 

the  intensity  of  the  incident  light  on  the  irradiated  system 

has  proved  to  be  of  the  order  1.5  -  3  in  the  region  4000  -  6000 

A,  when  a  total  electrical  energy  of  5.6  kJ  was  discharged 

through  the  lamps.  By  filling  the  inner  tube  of  a  double  jacket 

quarts  cell  with  0.3  $  Ludox  suspension  and  placing  the  cell 

between  two  linear  flash  lamps,  the  R^  values  wore  determined 

measuring  the  intensities  I,  „  n  and  I.  of  the  scattered 

°  A,HpO  A,conv 

light  coming  from  the  inner  tube,  while  the  annular  space  was 
filled  with  water  and  converter  solution  respectively.  R^  was 


defined  as 


•^A.oonv 

ia,h2o 


and  measured  with  and  without  the  use  of  a 


reflector. 

The  applicability  of  the  idea  of  mixing  fluorescent 
solutes  A,  B,  C,  in  the  same  solvent,  such  that  the  emission 
band  of  A  covers  the  absorption  band  of  B,  etc.,  thus  pumping 
all  light  absorbed  by  the  solution  into  the  "last"  component 


2. 


of  the  mixture,  has  been  investigated.  It  has  turned  out  that 
this  idea  has  no  promising  aspects  in  connection  with  the  work 
undertaken  here. 

In  the  last  section  of  this  report  the  effect  of  a  re¬ 
flector  on  the  values  is  analysed  and  a  new  method  of 
coating  a  reflector  surface  with  I/IgO  is  reported. 

Introduction 

The  light  output  of  most  light  sources  used  for  optical 
pumping  is  quite  uniform  over  a  large  wavelength  region,  but 
in  general  the  relative  intensity  of  the  emitted  radiation  in 
the  u.v.  is  much  higher  than  in  the  vis.  Y/hcn  the  irradiated 
system  (receiver)  has  an  absorption  band  in  the  vis.  only, 
the  u.v.  emission  of  the  light  source  is  wasted.  The  same 
holds  true  for  the  more  common  case  of  a  system  with  absorption 
bands  in  both  the  u.v.  and  the  vis.,  where  excitation  with  only 
vis.  light  is  obtained  by  means  of  an  u.v.  cut-off  filter.  The 
ruby  laser  rod  is  a  good  example:  since  it  was  found  that 
intense  u.v.  radiation  damages  the  crystal,  laser  rods  are 
clad  .  with  a  u.v.  cut-off  envelope. 

Fluorescent  converters  can  be  very  useful  in  this 
connection,  as  they  can  be  applied  both  as  cut-off  filters  and 
to  increase  the  light  intensity  of  the  light  source  in  the 
region  of  the  fluorescence  emission  of  the  converter.  Prelimi¬ 
nary  data  have  been  published  illustrating  the  potential  use  of 
fluorescent  converter  solutions  to  increase  the  radiation  in¬ 
tensity  of  flash  lamps  in  the  vis.  region 

Fluorescent  converters  which  arc  to  be  used  in  combination 
with  flash  lamps,  must  have  the  added  property  of  good  photo¬ 
stability,  otherwise  frequent  changing  of  the  converter 
solution  will  be  necessary. 
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The  photo -stability  and  the  fluorescence  quantum  yield  of 
a  fluorescent  compound  in  solution  depends  often  on  the  solvent 
used.  A  large  number  of  fluorescent  compounds  in  different 
solvents  were  tested  to  obtain  a  series  of  stable  converters 
covering  the  region  4000  -  6000  A.  Moreover  practical  con¬ 
siderations  make  it  undesirable  to  develop  fluorescent  con¬ 
verters  which  would  need  degassing  to  secure  their  photon-stabi¬ 
lity  and  therefore  only  systems  which  were  in  equilibrium  wit)i 
air  have  been  investigated.  This  observation  becomes  even  more 
clear  when  one  thinks  of  the  application  of  the  described  con¬ 
verters  as  cooling  or  thermos tating  solutions. 

Applying  fluorescent  converters  in  such  a  way  that  the 
receiver  is  irradiated  with  photons  which  have  either  passed 
through  the  converter  solution  or  which  have  originated  in  the 
converter  solution  by  a  fluorescence  mechanism,  the  relative 
increase  of  the  intensity  at  a  wavelength  X  of  the  incident 
light  on  the  receiver  is  defined  as 

t>  _  conv 

*  '  K  h20  • 

■*‘A,conv  intensity  of  a  wavelength  X  of  the  incident  light 

on  the  receiver,  when  a  converter  solution  with  an  optical  light 
pass  of  1  cm  is  placed  between  the  light  source  and  the  receiver. 

of  a  wavelength  X  of  the  incident  light 
on  the  receiver,  when  an  H20  filter  with  an  optical  light  page 
of  1  cm  is  placed  between  the  light  source  and  the  receiver. 

Applying  fluorescent  converters  in  the  above  mentioned 
way,  the  optimum  concentration  of  the  solute  is  the  concentration 
for  which  the  maximum  values  of  are  obtained.  For  each  con¬ 
verter  the  optimum  concentration  has  been  found  by  determining 
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RA  for  different  concentrations  of  the  solute.  The  optimum  con¬ 
centration  is  directly  dependent  on  the  relation  between  the 
following  quantities:  (a)  the  absorbtion  of  the  exciting  light, 
(b)  the  emission  of  the  fluorescent  light,  (c)  the  self- 
absorbtion  of  the  converter  solution, (d)  the  concentration 
quenching,  (e)  the  transmission  of  the  radiation  from  the  ligtyt 

source  at  the  wavelengths  of  the  fluorescence  emission  of  the 
converter. 

Although  the  study  of  the  relation  between  these  quanti¬ 
ties  is  of  great  interest,  the  purpose  of  the  present  investi¬ 
gation  does  not  justify  a  further  treatment  of  this  subject  here. 

Experimental 

A  0.3  Ludox  suspension  (sec  Materials)  was  poured  into 
the  inner  tube  of  a  20  cm  long  double  jacket  quartz  cuvette  with 
a  1  cm  thick  annular  space.  The  annular  space  was  filled  with 
water  and  the  relative  intensities  1^  R  Q  of  the  incident  light 
on  the  receiver  were  measured  by  placing  the  cuvette  between  the 
two  linear  flash  lamps  of  flash  apparatus  VI  ^  and  focussing 
the  scattered  light  from  the  Ludox  suspension  through  one  plaice 
end  window  of  the  inner  tube  onto  the  slit  of  a  Zeiss  mono¬ 
chromator  MM  12,  forming  the  first  element  of  the  experimental 
arrangement  normally  used  in  kinetic  spectroscopy. 

Thc  JA,H20  values  were  determined  at  50  A  intervals  in  the 
region  4000  -  6500  A  at  a  band  width  of  10  A  by  photographing 
the  oscilloscope  trace  of  thc  photomultiplier  signal  on  a 
Tektronix  533  with  an  operational  amplifier  plug-in  unit  type  0, 
displaying  directly  the  integrated  form  of  thc  flash  intensity 
(at  wavelength  A)  versus  time  curve. 
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The  Rvalues  were  measured  using  5.4  kj  flashes  -  from 
12  4F  and  30  kV  -  with  a  10  nsec  ~  time  (at  4000  A)  through¬ 
out  the  investigation;  air  at  a  pressure  of  20  mm  Hg  was 
applied  as  lamp  filling.  Replacing  the  water  in  the  annular 
space  of  the  cuvette  with  a  particular  fluorescent  converter, 
thc  X\,  conv  values  were  determined  at  50  A  intervals  for  the 
whole  fluorescence  emission  band  of  the  converter  and  at  a 
band  width  of  10  A. 

The  accuracy  of  this  method  for  the  determination  of  the 
?-A  values  depends  mainly  on  two  factors: the  amount  of  stray- 
-light  from  the  flash  lamps  entering  the  monochromator  slit  $nd 
the  reproducib j lity  of  the  5.4  kj  flashes. 

Using  an  optical  system  consisting  of  two  lenses  and  four 
diaphragms,  thc  scattered  light  from  the  Ludox  suspension 
passing  through  one  end  window  of  the  cuvette  was  focussed 
onto  the  monochromator  slit  in  such  a  way  that,  with  the  same 
sensitivity  of  the  defection  system  as  used  for  thc  deter¬ 
mination  of  the  values,  no  stray-light  was  detected  when  the 
ludox  suspension  was  poured  out  of  the  inner  tube. 

The  reproducibility  of  the  flashes  produced  by  flash 
apparatus  VI  is  such  that  photographing  the  oscilloscope  trace 
displaying  photomultiplier  signal  versus  time  gives  curves  of 
exactly  the  same  height.  It  is  for  this  reason  that  no  use 
has  been  made  of  a  reflector  to  focus  thc  light  from  the  flash 
lamps  onto  the  cuvette,  as  the  aging  of  the  reflector  material 
would  have  caused  a  certain  change  in  the  intensity  of  thc 
incident  light  on  thc  cuvette. 

*)  It  has  to  be  pointed  out  here  that  when  a  reflector  is 
used,  other  R^  values  are  obtained  -  sec  last  section. 
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The  advantages  of  this  method  for  the  determination  of 
the  R^  values  arc  evident:  factors  such  as  the  spectral  sen¬ 
sitivity  of  the  photomultiplier  and  other  properties  of  the 
detection  system,  or  the  aging  of  a  fluorescent  receiver  as 
used  by  Holmstrcm  and  Stoning  ^  \  do  not  enter  the  deter¬ 
mination  of  R^.  At  the  same  time  one  can  test  the  photo- 
-stability  of  a  particular  fluorescent  converter  simply  by 
repetitively  measuring  the  1^  conv  value  at  the  fluorescence 
emission  maximum  of  the  converter,  exposing  the  converter 
solution  to  a  series  of  5.4  kj  flashes.  '  The  photo-stability 
of  a  0.3  ^  Ludox  suspension  was  tested  by  determining  the 

light  scattering  intensities  of  the  newly  prepared  suspension 

1 

and  of  the  same  suspension  exposed  to  onchundrcd  5.4  kJ 
flashes.  These  measurements  were  performed  on  a  recording 
light  scattering  instrument  described  elsewhere  The 

suspension  appeared  to  be  completely  stable  under  high  in¬ 
tensity  irradiation  with  u.v.  and  vis.  light. 

The  concentration  of  0.3  $  was  chosen,  since  with  a  20 
cm  cuvette  the  contribution  to  I.  of  the  scattered  light  coming 

^  i 

from  that  half  of  the  cuvette  which  faces  away  from  the  mono¬ 
chromator  slit  is  still  30  55  at  this  concertration.  This  was 
determined  simply  by  screening  one  half  of  the  cuvette  with 
Al  foil-  and  measuring  the  change  in  I.  . 

A 

Materials 

Solvents .  Alcohol  (Vin  och  Spritccntralcn) ,  spcctrographic 
gTadc,  99.5  $.  Dimethylformamidc  [DMF]  (Baker),  pro  analysi. 
Cyclohexane  (Merck) ,  for  chromatography  and  cyclohexane 
(Mallinckrodt) ,  spcctrographic  grade.  Concentrated  H2S0^ 
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(Merck),  pro  analysi,  95-98  $.  The  solvents  were  used  without 
further  purification.  No  difference  in  fluorescence  emission 
intensity  was  observed  when  either  cyclohexane  for  chromato¬ 
graphy,  containing  max.  0.03  benzene,  or  spcctrographic  grade 
cyclohexane  was  used  to  prepare  converters  No.  1  and  No.  4. 

Solutes.  Acridine  (BDH) ,  pro  analysi,  9-oxo-9,10  dihydro- 
-acridine  [aeridonc]  (Schuchardt)  and  9-aminoacridine  hydro¬ 
chloride  monohydratc  (Merck),  pro  analysi,  were  used  without 
further  purification.  9, 10-Diphenyl  anthracene  (Schuchardt), 
2-a-naphthyl-5-phonyl-oxazolo  [a-NPO]  (Schuchardt)  and  perylene 
(Schuchardt)  were  scintillator  quality.  Eosin  (Merck),  pro 
analysi,  fluorescein  (Riedel  -  de  Haen) ,  pro  analysi,  2,7- 
-diehlorofluorcsccin  (Eastman  Kodak) f  rhodaminc  B  extra  and 

rhodamine  6  GL  (du  Pont  de  Nemours)  were  dissolved  in  alcohol, 
_2 

containing  10  M  NaOH,  and  chromatographieally  purified  on  an 
aluminium  oxide  column. 

Ludox,  HS,  (du  Pont  de  Nemours)  is  a  colloidal  silica 
suspension,  containing  30  1°  colloidal  silica  as  Si02.  Approxi¬ 
mate  particle  diameter:  15  mp.  Stable  diluted  suspensions  arc 
obtained  when  water,  containing  2  g/l  NaCl,  is  added. 

The  Converters 

The  composition  of  the  converter  solutions  is  given  in 
Table  1 .  The  concentrations  of  the  fluorescent  solutes  are  the 
previously  mentioned  optimum  concentrations. 

For  some  solutes  the  maximum  fluoresecnec  quantum  yielcl 
is  obtained  in  slightly  acid  or  alkaline  solution  in  alcohol: 
to  keep  the  water  content  of  the  alcohol  low,  the  HgSO^  or  NaOH 
aliquot  was  added  to  the  solution  as  2  M  HgSO^  or  2  M  NaOH 
respectively.  The  starred  converters  have  a  lower  value  for 
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max.  than  the  corresponding  convertors  with  R^  max.  at  nearly 
the  same  wavelength  X.  The  starred  converters  are  added  ’  to  the 
table  because  of  their  different  transmission  spectra,  which  may 
make  these  converters  appropriate  for  irradiation  experiments 
where  some  part  of  the  u.v.  radiation  has  to  be  cut  off,  which  is 
transmitted  by  the  converters  with  the  higher  value  for  R.  max. 

In  many  irradiation  experiments  complete  cut-off  of  the  u.v. 
radiation  coming  from  the  light  source  is  necessary.  The  de¬ 
scribed  converters  could  still  be  applied  with  full  efficiency 
if  a  1  cm  layer  of  converter  No.  3  or  some  other  filter,  cutting 
off  the  u.v.,  could  be  placed  between  the  annular  space  con¬ 
taining  the  appropriate  converter  and  the  receiver.  In  flash 
photolysis  work  this  is  difficult  to  realize,  since  the  double 
jacket  cuvettes  generally  used  have  only  one  annular  space  and 
cuvettes  with  two  annular  spaces  are  difficult  to  make  or  may 
not  be  applicable,  when  the  distance  between  the  two  flash  lamps 
is  too  small.  For  this  reason  one  would  like  to  add  a  stable 
solute,  cutting  off  the  u.v.  radiation  from  the  flash  lamps  com¬ 
pletely,  to  the  appropriate  converter  solution. 

A  suitable  solute  is  a-NPO,  which  can  be  dissolved  to  a 
concentration  of  5  .  10”^  M  in  all  solvents  used  to  compose  the 
described  convertors  and  it  has  the  necessary  photo-stability. 

The  result  of  ado.ing  a-NPO  to  the  convertor  solution,  however,  is 
a  decrease  in  the  R^  values,  partly  as  a  result  of  concentration 
quenching,  partly  because  of  the  overlapping  u.v.  absorptions  of 
the  fluorescent  solute  and  a-NPO  (see  Mixed  Fluorescent  Converters). 
The  decrease  in  the  R^  values  is  illustrated  by  converter  No.  10. 

Table  2  gives  the  R^  values  of  the  converters  measured  a$ 

18°  C.  For  the  eonvcnienco  of  the  reader  the  transmission  spectra 
and  the  fluorescence  omission  spectra  are  given  in  Figs  1-11.  The 
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transmission  spectra  were  obtained  by  means  of  a  Bausch  and  Lomb 
recording  spectrophotometer,  type  Spectronic  505.  The  fluores¬ 
cence  emission  spectra  were  obtained  with  a  Zeiss  spcctrofluoro- 
meter  set,  consisting  of  xenon  arc  LX  501 ,  fluorescence  attach¬ 
ment  ZFM  4,  monochromator  M  4  Q  III,  and  detection  amplifier  PMQ 
II.  The  emission  spectra  were  measured  with  a  constant  mono¬ 
chromator  slit  width,  are  drawn  at  an  arbitrary  scale  and  not 
corrected  for  self  absorption  or  photomultiplier  sensitivity. 

The  photo-stability  of  the  converters  is  such  that  the 
solutions  can  be  irradiated  with  at  least  twenty  five  5.4  kJ 
flashes,  without  this  causing  a  significant  change  in  the  R^ 
values  or  the  transmission  spectra. 

It  has  been  found  that  the  fluorescence  emission  of  con¬ 
verter  No.  12  decreases  slowly  when  the  solution  lias  been  stanching 
longer  than  a  week  at  room  temperature.  The  other  converters  can 
be  kept  at  room  temperature  for  a  much  longer  period  without  any 
noticeable  change  in  fluorescence  emission. 

Some  of  the  described  converters  can  undoubtedly  be  improvod 

'  t 

and  some  gaps  in  the  converter  series  be  filled  up  by  a  more  ex¬ 
tended  investigation  covering  more  solutes.  The  aim  of  the  work 
presented  here,  however,  is  to  show  that  a  series  of  stable 
fluorescent  converters  can  be  composed,  increasing  the  radiation 
intensity  of  flash  lamps  in  the  vis.  region  to  a  considerable 
extent . 

Othor  Fluorescent  Solutes  Tested  t 

The  relation  between  fluorescence  quantum  yield,  omission 
band  width  and  the  R^  values  of  a  converter  solution  is  such  that 
the  quantum  yield  must  be  high  and  the  emission  band  width  narrow 
to  get  good  R^  values;  even  when  the  fluorescence  quantum  yield  of 
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a  solute  is  nearly  1,  the  emission  band  can  be  too  broad  to  give 
proper  values. 

In  the  search  for  other  converter  solutions  the  following 
fluorescent  solutes  were  tested  and  rejected,  either  because 
of  insufficient  photo-stability,  insufficient  fluorescence 
emission,  or  both.  Acriflavine,  alloxazine,  m-ni trod ime thy 1- 
aniline,  anthracene,  anthranilic  acid,  auramine,  rose  bengale, 
benzidine,  biphenyl,  carbazole,  o-coumaric  acid,  erythrocine, 
fluorene,  lumazine,  a-  and  p-naphthol,  2,5-dibiphenylyloxazole 
(BBO),  phenanthrene ,phenosaf ranine,  primuline,  3-aminophtalimide, 
pyrene,  quinine  sulfate,  5,6-benzoquinoline,  magdala  red,  ribo- 
flavine  and  umbelliferone. 

The  above  mentioned  solutes  were  tested  in  one  or  more  of 
the  following  solvents:  water,  alcohol,  DMF,  cyclohexane, 
benzene  and  cone,  sulfuric  acid.  When  the  solute  could  be  forped 
into  ar.  ionic  state  by  dissolving  in  cone,  sulfuric  acid,  diffe¬ 
rent  proton  concentrations  were  tried  for  the  aqueous  and  the 
alcohol  solution,  to  obtain  the  ionic  state  in  a  less  viscous 
medium.  (Perylene  and  9-aminoacridine  e.g.,  when  dissolved  in 
cone,  sulfuric  acid,  show  absorption  and  emission  spectra  whioh 
are  quite  different  from  the  spectra  obtained  with  the  pure 
alcohol  solutions.)  However  none  of  the  tested  solutions  gave 
a  new  useful  converter. 

Mixed  Fluorescent  Converters 

The  applicability  of  the  idea  of  mixing  fluorescent  com¬ 
pounds  a,  B,  C,  ...  in  the  same  solvent,  such  that  the  emission 
band  of  A  covers  the  absorption  band  of  B,  etc.,  thus  pumping  all 
light  absorbed  by  the  solution  into  the  "last"  component  of  the 

r 

mixture,  has  been  investigated.  It  has  turned  out  that  this 
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idea  has  no  promising  aspects  in  connection  with  the  work  under¬ 
taken  here.  As  the  two  compounds  A  and  B,  of  which  the  emission 
band  of  A  covers  the  absorption  band  of  B,  are  generally  quite 
alike  in  a  chemical  sense,  the  u.v.  absorptions  almost  completely 
overlap,  even  when  the  absorption  bands  in  the  vis.  region  lie  approx. 

200  A  apart.  In  a  mixture  of  two  fluorescent  compounds,  where 
the  concentration  effects  have  been  taken  care  of,  using  half  the 
optimum  concentration  for  both  A  and  B,  the  finite  number  of 
photons  coming  from  the  light  source  is  either  absorbed  by  A  op 
by  B  in  a  competitive  way,  as  the  absorption  spectra  of  A  and  B 
not  only  overlap  almost  completely  in  the  u.v.,  but  even  to  a 
considerable  extent  in  the  vis.  at  the  concentration  used. 

It  has  turned  out  that  to  obtain  a  proper  transfer  between 
A  and  B  in  a  mixture,  the  concentration  of  both  compounds  has 
generally  to  be  so  much  lower  than  the  optimum  concentration  of 
solutions  of  A  and  B  separately,  that  the  increase  in  the  inten¬ 
sity  of  the  fluorescence  emission  of  B,  when  pumping  from  A  to  B, 
does  not  result  in  the  amount  of  fluorescent  light  which  is  ob¬ 
tained  when  B  alone  is  used  at  optimum  concentration. 

The  Effect  of  a  Reflector 

It  is  evident  that  the  R^  values  are  dependent  on  the  , 
geometry  of  the  system  and  on  the  type  of  flash  lamps  used  in 
combination  with  the  fluorescent  converters.  The  first  con¬ 
dition  necessary  to  obtain  good  values  is  a  very  high  colour 
temperature  of  the  applied  lamps.  The  higher  the  discharged 
voltage  the  higher  the  colour  temperature  becomes.  In  this 
connection  can  be  mentioned  that  even  the  colour  temperature  of 
a  high  pressure  xenon  arc  is  too  low  to  give  a  detectable  in¬ 
crease  in  light  intensity  when  this  light  source  is  used  in 
combination  with  any  of  the  converters. 
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In  most  flash  lamp  applications  a  MgO  coated  or  aluminium 
reflector  is  used  to  "focus"  all  available  light  onto  the  re¬ 
ceiver.  However,  particularly  the  reflectance  for  the  u.v.  of 

such  reflectors  decreases  distinctly  with  use.  The  R.  values 

A 

have  therefore  been  determined  without  the  use  of  a  reflector, 
as  only  in  this  way  could  the  R^  values  be  correlated. 

It  has  to  be  pointed  out  that  lower  R^  values  are  obtained, 
for  the  same  converter,  when  a  reflector  is  used.  This  can  be 
illustrated  in  the  following  way  -  see  Pig.  12. 

First  the  case  when  no  reflector  is  used. 

IA,H20  i8  measured>  S  is  filled  with  water.  A  light  wave  a 
coming  from  the  left  lamp  enters  S  at  on  angle  a  which  sends  a 
through  S  without  hitting  R.  This  holds  for  all  light  waves 
entering  the  unshaded  part  of  S. 

^AjConv  mcasured»  S  is  filled  with  converter  solution. 

A  light  wave  o  coming  from  the  right  lamp  enters  S  under  the 
same  angle  a,  is  absorbed  by  a  molecule  of  the  fluorescent  solute 
and  a  light  wave  e  at  wavelength  \  is  emitted.  The  fluorescent 

of  the  excited  molecules  in  S  is  emitted  in  all  directions, 
but  a  certain  fraction  of  the  emitted  light  will  hit  R.  As  the 
unshaded  part  of  S  is  {.bout  50  J°  larger  than  the  shaded  part  of 
S,  the  amount  of  fluorescent  light  hitting  R  coming  from  the 
unshaded  part  of  S  is  considerably  larger  than  the  amount  of 
light  coming  from  the  shaded  part  of  S.  The  fluorescent  converter 
acts  to  a  certain  extent  as  reflector. 

Second,  the  case  when  a  reflector  is  used. 

measured>  S  is  filled  with  water.  "All"  light 
coming  from  the  flash  lamps  will  hit  R,  as  even  those  light 
waves  entering  the  unshaded  part  of  S  and  being  transmitted 


13. 


without  hitting  R  direetly,  will  fm  d  »-p+ 

j,  x±±  rail  on  R  after  a  number  of 

reflections. 

^A,conv  is  measured,  S  is  filled  with  eonverter  solution. 
The  amount  of  fluorescent  light  eoming  from  the  unshaded  part 
of  o  is  still  larger  than  the  amount  of  fluoreseent  light  coming 
from  the  shaded  part,  but  now  it  is  easily  seen  that  R^  (with 
rafl)  must  be  smaller  than  R^  (without  refl)  as  the  ratio 

^A, eonv  (with  refl) 

^,eonv  (without  refl)  iS  00nslderaWy  smaller  than  the 

h,H«0  (with  refl) 

ratio  i - - - -  - 

A,H20  (without  refl) 

To  determine  the  decrease  of  the  R^  values  when  a 
reflector  is  used,  a  cylindrical  MgO  coated  reflector  with  a 
diameter  of  19  era  was  placed  around  the  experimental  arrangement 

*)  The  generally  used  method  for  coating  reflector  surfaces  with 
MgO  is  to  smoke  on  the  oxide  from  burning  Mg  ribbon.  For  larger 
surfaces  this  is  a  tedious  and  time  consuming  procedure,  but  the 
main  drawback  of  this  method  is  the  faet  that  the  smoked-on  MgO 
coating  is  so  loosely  bound  to  the  base  material  that  it  easily 
falls  off  when  the  shock  wave  in  the  refleetor,  eaused  by  high 
energy  discharges,  hits  the  MgO  layer. 

A  better  and  quicker  method  is  to  suspend  approx.  150  g/l 
MgO  (pro  analyst)  in  chloroform  and.  with  this  suspension  paint 
a  sand-papered  Verspex  surfaee  by  means  of  an  air-pressured  paint- 
-sprayer.  With  an  air  pressure  of  ~  3  atm  a  smooth  well  bound 
MgO  coating  is  obtained  which  stands  strong  mechanical  shocks. 

As  Perspex  dissolves  in  chloroform  the  bond  between  the  base 
material  and  the  first  MgO  layer  is  very  good  and  giving  the 

coating  a  thickness  of  at  least  1  mm  the  final  surface  consists 
of  pure  MgO. 
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shown  in  Fig.  12 
showed  that  the  ; 
decreased  in  the 

R\  (with  refl)  w 


The  measurements  performed  with  this  set-up 
[K  values  >  1  given  in  Table  2  have  to  be 
following  way  when  a  reflector  is  used: 

2(V)  , 

- - -  4-  1  —  - g - 
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Table  1 .  The  converter  solutions 


II 0 

.  A(A)b 

O 

R^  max. 

Converter  composition 

1 

4300 

1.75 

_3 

10  I.I  9 , 1 O-Diphcnyl  anthracene  in 
cyclohexane 

2 

4400 

1.65 

5  .  10  M  a-NPO  in  alcohol,  containing 
25  ml  cone.  H?50./l 

3 

4550 

2.7 

_4  ^  *T 

10  M  9-Aminoacridine  in  alcohol,  con¬ 
taining  10~2  M  HoS0. 

4 

4700 

2.3 

—4  ^  ^ 

10  M  Perylene  in  cyclohexane 

*5 

4750 

1.9 

5  .10  ^  Acridone  in  alcohol,  containing 
10“ 2  Ivl  NaOII 

6 

4950 

1.65 

2  Acridine  in  alcohol,  containing 

10“2  I.I  H0SO, 

7 

5350 

3.35 

5  .  10  M  Fluorescein  in  alcohol,  con¬ 
taining  10“3  M  NaOH 

8 

5450 

3.2 

5  .  10  2,7-Dichlorofluorescein  in  alco¬ 
hol,  containing  lo“3  M  NaOH 

9 

5700 

3.25 

5  .  10  M  Rhodamine  6  GL  in  alcohol 

*10 

5700 

2.35 

5  .  10  3  M  Rhodamine  6  GL  +  5  .  10“^ 
a-NPO  in  alcohol 

*11 

5750 

2.95 

5  .  10  M  Rhodamine  6  GL  in  DMF 

*12 

5750 

2.1 

5  .  10“5  M  Eosin  in  DMF 

13 

5850 

2.45 

5  .  10  M  Rhodamine  B  extra  in  alcohol, 
containing  10“3  M  NaOH 

Ci 

Maximum  value  of  R. 

A 

for  each  converter,  k  Wavelength  at 

which  R^  max. 

was  found; 

for  the  majority  of  the  converters 

this  wavelength  does  not  coincide  with  the  fluorescence  emission 
maximum,  but  lies  at  longer  wavelength. 
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Table  2.  The  R^  values  of  the  converters  when  applied  in  combi¬ 
nation  with  air  filled  linear  flash  lamps  and  without  the  use  of  a 
reflector.  When  a  reflector  is  used  the  R^  values  >  1  in  this 

table  have  to  be  decreased  as  follows" 

„  2  R.  +  1 

R  ,  (=a  A 

A  (with  refl)  3 - 


Converter  No.  1 

A  (A)  ra 

4150  0.95 

4200  1.25 

4250  1.45 

4300  1.75 

4350  1.55 

4400  1 . 5 

4450  1.4 

4500  1.35 

4550  1.3 

4600  1.25 

Converter  No.  2 

A  (A)  R. 


4100 

4150 

4200 

4250 

4300 

4350 

4400 

4450 

4500 

4550 

4600 

4650 

4700 


A 

1.1 

1.25 

1.35 

1.45 

1.55 

1.55 

1.65 

1.5 

1.6 
1.4 
1.3 
1.3 
1.2 


Converter  No.  3 


x  (A) 

Ex 

4300 

0.9 

4350 

1.6 

4400 

1.9 

4450 

1.75 

4500 

2.6 

4550 

2.7 

4600 

2.35 

4650 

2.15 

4700 

2.0 

4750 

2.0 

4800 

1.9 

4850 

1.45 

4900 

1.4 

4950 

1.25 

Converter  No.  4 

X  (A) 

4450 

4500 

4550 

4600 

4650 

4700 

4750 

4800 

4850 

4900 

4950 

5000 


0.8 

1.4 

1 .4 

1.5 

2.1 

2.3 
2.25 
1 .65 
1.45 

1.4 
1.55 
1.2 


Converter  No.  5 
A  (A)  R. 


4500 

4550 

4600 

4650 

4700 

4750 

4800 

4850 

4900 

4950 

5000 


0.6 

1.2 

1.3 
1.4 ') 
1.7 

1 .9 
1.6 
1.5 

1.4 

1.5 

1.1 


Converter  No.  6 


A  (A) 

4550 

4600 

4650 

4700 

4750 

4800 

4850 

4900 

4950 

5000 

5050 

5100 


1.3 

1.3 

1.4 
1.45 
1.6 

1.5 

1.6 
1.55 
1.65 
1.2 

1 .25 
1.4 


(Table  2  cont.) 


Converter  No.  7 


x  (A) 

Rx 

5200 

1.1 

5250 

2.2 

5300 

3.15 

5350 

3.35 

5400 

3.3 

5450 

2.8 

5500 

2.6 

5550 

2.5 

5600 

2.3 

5650 

2.0 

5700 

1.9 

5750 

1.8 

5800 

1.7 

Converter  No.  8 

x  (A) 

Sx 

5300 

1.0 

5350 

1.85 

5400 

2.9 

5450 

3.2 

5500 

3.1 

5550 

3.0 

5600 

2.95 

5650 

2.55 

5700 

2.3 

5750 

2.2 

5800 

2.05 

5850 

2.0 

5900 

1 .8 

5950 

1.6 

Converter  Nci.  9 


X  (.*.) 

Rx 

5500 

1.0 

5550 

2.15 

5600 

2.85 

5650 

3.2 

5700 

3.25 

5750 

3.2 

5800 

2.8 

5850 

2.75 

5900 

2.6 

5950 

2.3 

6000 

2.1 

6050 

2.0 

6100 

1 .9 

6150 

1.7 

Converter  No.  10 

x  (A) 

Rx 

5550 

1.35 

5600 

2.05 

5650 

2.25 

5700 

2.35 

5750 

2.3 

5800 

2.2 

5850 

2.2 

5900 

2.1 

5950 

1.9 

6000 

1.8 

6050 

1.7 

6100 

1.6 

6150 

1  .45 

Converter  No.  11 


x  (A) 

Rx 

5600 

1.45 

5650 

1.9 

5700 

2.25 

5750 

2.95 

5800 

2.8 

5850 

2.6 

5900 

2.3 

5950 

2.2 

6000 

2.1 

6050 

2.0 

6100 

1.9 

6150 

1.75 

6200 

1.65 

Converter  No.  13 


x  (A) 

Rx 

5700 

1.15 

5750 

1.8 

5800 

in 

• 

CM 

5850 

2.45 

5900 

2.35 

5950 

2.2 

6000 

2.0 

6050 

1.9 

6100 

1 .8 

6150 

1.65 

6200 

1.55 

(Table  2  cont.) 
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Converter  No.  12 

x  (A) 

Rx 

5600 

1.15 

5650 

1.65 

5700 

1 .85 

5750 

2.1 

5800 

2.05 

5850 

2.05 

5900 

2.05 

5950 

1.85 

6000 

1 .8 

6050 

1.7 

6100 

1.6 

6150 

1.5 

6200 

1 .4 

\ 
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Legends  to  illustrations 

Fig.  1.  -  The  transmission  spectrum,  measured  against  air,  and 
the  fluorescence  emission  spectrum  of  converter  No.  1,  at  18°  C; 
optical  path  1  cm. 

Fig.  2.  -  The  transmission  spectrum,  measured  against  air,  and 
the  fluorescence  emission  spectrum  of  converter  No.  2,  at  18°  C; 
optical  path  1  cm. 

Fig.  3.  -  The  transmission  spectrum,  measured  against  air,  and 
the  fluorescence  emission  spectrum  of  converter  No.  3,  at  18°  C; 
optical  path  1  cm. 

Fig.  4.  -  The  transmission  spectrum,  measured  against  air,  and 
the  fluorescence  emission  spectrum  of  converter  No.  4,  at  18°:  C; 
optical  path  1  cm. 

Fig.  5.  -  The  transmission  spectrum,  measured  against  air,  and 
the  fluorescence  emission  spectrum  of  converter  No.  5,  at  18°  C; 
optical  path  1  cm. 

Fig.  6,  -  The  transmission  spectrum,  measured  against  air,  and 
the  fluorescence  emission  spectrum  of  converter  Nc .  6,  at  18°  C; 
optical  path  1  cm. 

Fig.  7.  -  The  transmission  spectrum,  measured  against  air,  anft 
the  fluorescence  emission  spectrum  of  converter  No.  7,  at  18°  C; 
optical  path  1  cm. 
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Fig.  8  -  The  transmission  spectrum,  measured  against  air,  and 
the  fluorescence  emission  spectrum  of  converter  No.  8,  at  18°  C; 
optical  path  1  cm. 

Fig.  9.  -  The  transmission  spectrum  measured  against  air,  and 
the  fluorescence  emission  spectrum  of  converter  No.  9  (1)  and 
converter  No.  11  (2),  at  18°  C;  optical  path  1  cm. 

Fig.  10.  -  The  transmission  spectrum,  measured  agains+  air,  and 
the  fluorescence  emission  spectrum  of  converter  No.  12,  at  18°  C; 
optical  path  1  cm. 

Fig.  11.  -  The  transmission  spectrum,  measured  against  air,  and 
the  fluorescence  emission  spectrum  of  converter  No.  13,  at  18°  C; 
optical  path  1  cm. 

Fig.  12.  -  Section  of  the  experimental  arrangement  drawn  to 
scale.  L  flash  lamps;  S  annular  space  and  R  inner  tube  of  quartz 
cuvette;  shaded  part  of  S:  part  of  the  annular  space  through 
which  the  flash  lamps  illuminate  R  directly. 
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